Purpose: The aim of this study is to evaluate the results for the insertion of totally implantable central venous access devices (TICVADs) by surgeons. Methods: Total 397 patients, in whom TICVADs had been inserted for intravenous chemotherapy between September 2008 and June 2014, were pooled. This procedure was performed under local anesthesia in an operation room. The insertion site for the TICVAD was mainly in the right-side subclavian vein. In the case of breast cancer patients, the subclavian vein opposite the surgical site was used for insertion. Results: The 397 patients included 73 males and 324 females. Primary malignant tumors were mainly colorectal and breast cancer. The mean operation time was 54 minutes (18-276 minutes). Operation-related complications occurred in 33 cases (8.3%). Early complications developed in 15 cases with catheter malposition and puncture failure. Late complications, which developed after 24 hours, included inflammation in 6 cases, skin necrosis in 6 cases, hematoma in 3 cases, port malfunction in 1 case, port migration in 1 case, and intractable pain at the port site in 1 case. Conclusion: Insertion of a TICVAD under local anesthesia by a surgeon is a relatively safe procedure. Meticulous undermining of the skin and carefully managing the TICVAD could minimize complications.
INTRODUCTION
The totally implantable central venous access device (TICVAD, DistriCATH 605PM, Districlass Medical SA, France) has commonly been used for patients who need chemotherapy or parenteral nutrition for a long time (Fig. 1) . Insertion of the TICVAD has been widely adopted since the first implantation performed by Niederhuber et al. in 1982 (quoted from [1] [2] [3] ). The TICVAD provides a reliable and stable parenteral route for frequent blood sampling and repetitive infusions, especially in the field of oncology. The merits of the TICVAD are a safe route to the central vein, long-term maintenance, and comfort for the patient. To date, safe and easy-to-handle port systems have become an integral part of daily clinical routine in oncology. In general, the insertion of a TICVAD is usually conducted by an intervention radiologist or a surgeon. According to the practitioners, the preference for a particular procedure could be different, for example, ultrasound guidance or a blind technique for puncture of the target vein. Therefore, this study was designed to evaluate the results of TICVAD insertion using blind technique by a surgeon.
METHODS

Patients and surgical procedures
A total of 397 patients, who had undergone TICVAD insertion by surgeons (C.G.R. and H.J.K.) between September 2008 and June 2014 were pooled. They were mainly diagnosed as having breast and colorectal cancer, and the procedure was performed to establish a stable venous route for intravenous chemotherapy. The operation time was measured from the time the patient entered the operation room to the time the aseptic dressing was applied after skin closure. Early complications were defined as problems arising within 24 hours after TICVAD insertion. Mostly, the right subclavian vein was chosen as the port site. In breast cancer patients, the port site was the contralateral side to the breast cancer lesion. The decision as to the target vein, subclavian or internal jugular vein, depended on the surgeon's preference.
Procedure for TICVAD insertion
The patient was in the supine position with his/her neck moved to the left if a right-sided vessel was chosen and to right if a leftsided vessel was chosen. Premedications like anxiolytics were not used. After betadine had been applied around the procedure site, the skin was draped in an aseptic manner. Under local anesthesia with 2% lidocaine, the skin was punctured at a point 1 cm inferior to the distal third of the right clavicle toward the suprasternal notch. A long needle was advanced along the dorsal surface of the clavicle bone with negative pressure. When venous blood was identified, the guide wire was placed through the needle by using a Seldinger maneuver. After the long needle had been removed and the skin had dilated, a catheter was inserted into subclavian vein along the guide wire. A venous catheter was filled with about 10 mL of diluted heparin (50 IU in 1 mL) and clamped.
In the next step, a skin incision of about 2 cm was made for placement of the port chamber at a point on the lower 1/3 of an imaginary line between the midclavicle and the nipple. A subcutaneous tunnel was made between the puncture site and the chamber site. The inserted venous catheter was connected to the chamber, and the function of the device was checked with aspiration of venous blood and injection of a diluted heparin solution. The chamber was fixed on the fascia of the pectoralis major muscle with a silk 2-0 suture. Bleeding control was performed meticulously, and the skin was approximated. After the procedure had been completed, a chest posteroanterior x-ray (chest PA) was taken in all patients to check the position of the catheter' s tip. No prophylactic intravenous antibiotic was used. Periodic heparin flushing of the TICVAD was performed.
Procedure for TICVAD removal
The patient was in the supine position with his/her neck moved to the left for a right-sided TICVAD and to the right for a leftsided TICVAD. After betadine had been applied around the previous incision site, the skin was draped in an aseptic manner. Under local anesthesia with 2% lidocaine, skin was incised along the previous scar on the port chamber. Subcutaneous tissue was dissected, and the chamber was exposed. The previous fixation to the pectoralis muscle was released by using a Bovie coagulator. The TICVAD was removed with careful manual compression on the catheter's insertion point. Bleeding control was performed meticulously, and the skin was approximated. No prophylactic intravenous antibiotic was used.
RESULTS
A total of 397 patients were enrolled: 73 males and 324 females. The mean age was 53.5 years (range, 27-83 years). All TICVADs were inserted for the purpose of intravenous administration of chemotherapeutic agents. Primary malignant tumors were breast cancer in 270 cases, colorectal cancer in 117 cases, stomach cancer in 7 cases, ovarian cancer in 1 case, lymphoma in 1 case, and thyroid cancer in 1 case. The mean operation time was 54.3 minutes (range, 18-276 minutes). The characteristics of the patients are shown in Table 1 . The TICVAD chamber's location was on right upper chest in 278 cases (70.0%) and on left upper chest in 119 cases (30.0%). The catheterized vein was the subclavian vein in 376 cases (94.7%) and the internal jugular vein in 21 cases (5.3%), as shown in Table 2 .
Early complications occurred in 15 cases (3.8%) and included Values are presented as mean ± standard deviation (range) or number (%). initial puncture failure and catheter malposition. In cases of puncture failure, patients were referred to interventional radiologists. Catheter malposition was defined as the catheter's tip via the subclavian vein being placed on the ipsilateral jugular vein. In these cases, the TICVAD was inserted via the ipsilateral internal jugular vein. Late complications occurred in 18 cases (4.5%). Late complications, which were developed after 24 hours, included inflammation in 6 cases (port was removed), skin necrosis in 6 cases (port was removed with debridement of necrotic tissue), a hematoma in 3 cases (hematoma was evacuated with port removal), port malfunction in 1 case (port was removed), port migration in 1 case (port was reinserted), and intractable pain at the port site in 1 case (port was removed). Other complications, such as venous thrombosis and pneumothorax, did not occur. Table 3 presents the complications and their treatments. Table 4 showed the profiles of patients with skin problems. All 6 patients had stage IV breast cancer, and chemotherapy with a palliative aim was being performed. The mean maintenance duration of the TICVAD was 10.2 months (range, 8.0-15.0 months). The risk factors for skin problems that we considered were mainly poor nutritional status and compromised immune status due to chemotherapy. In patent 2, the field of radiotherapy for lung metastasis included the port insertion site.
DISCUSSION
In this study, complications occurred in 33 cases (8.3%), with none of the complications being fatal. This result is similar to data reported in other studies (5%-20%) [1, [4] [5] [6] [7] and is an acceptable complication rate.
In many studies about TICVAD, procedures were performed more commonly by interventional radiologists than by general surgeons and thoracic surgeons [2, 6, [8] [9] [10] . TICVAD insertion by interventional radiologists was performed under ultrasound guidance while the blind technique was used in procedures performed by surgeons [2, 4, 6, 8, 9, [11] [12] [13] . We also used the blind technique, in which TICVAD insertion was performed by using the Seldinger maneuver without ultrasound guidance and chest PA, to check the catheter's position and to detect a pneumothorax or a hemothorax.
Of the early postprocedure complications, the most dangerous complications are a pneumothorax and a hemothorax [7, 11, 13, 14] . Fortunately, we did not experience these fatal events. Various rates of incidence of a pneumothorax have been reported. In the meta-analysis by Di Carlo et al. [7] , the incidence of a pneumothorax was reported to be about 1.5%. According to the different types of practitioners, this incidence rate was reported to be 0%-4% for interventional radiologists and 0%-0.5% for surgeons [3-6, 12, 13, 15] . That difference is probably due to the fact that surgeons are skilled in central venous catheterization under emergent situations, such as shock and sepsis.
Of the late complications, our study demonstrated that skin-related complications developed in 10 patients (2.5%), with complications occurring in 47.6% of all patients. These included skin necrosis, hematomas, and intractable pain. All skin-related complications occurred in patients with TNM stage IV breast cancer, who were undergoing palliative chemotherapy. The median interval between TICVAD insertion and the development of a skin problem was 10.2 months (range, 8.0-15.0 months). Especially in the patients with breast cancer, the TICVAD was inserted on the contralateral side of the breast cancer in consideration of radical axillary lymph node dissection and postoperative radiotherapy [13] . Cachexic and immunocompromised immunologic condition, radiation on the port site, and improper management of the TICVAD could cause skin problems in the long term after insertion. In addition, in the case of stage IV cancer, palliative radiotherapy could be considered for lung metastasis, regardless of the nature of the primary tumor. We needed to be aware that skin problems on the port site could develop as a result of radiotherapy on the chest. Recently, targeted agents have often been administrated with the chemotherapeutic agents for stage IV cancer patients. Some agents (i.e., antivascular endothelial growth factor antibody) can disturb the wound healing process and cause wound dehiscence or failure; however, we did not experience such complications. For the prevention of the skin problem on port insertion site, consideration for the further treatments is necessary [16] .
Of the early complications, the incidence of puncture failure was 3.0%. However, this is considered to a procedure-related problem rather than an early complication. Puncture failure occurred more frequently with less experienced practitioners. Thus, for the beginner practitioner, ultrasound guidance may be advantageous for finding the target vein. In the aspect of right-or left-side access, some studies suggest that patients with left-sided ports and catheter tips lying in the upper part of the vena cava are at high risk for severe thrombotic complications [17] .
The main access veins to use for TICVAD insertion are the subclavian and the internal jugular vein [2, 6, 8, 10, 14, 16, 18] . In general, the safest route is well known to be the right internal jugular vein [8, 9, 13] . However, each access route has its own merits and demerits. Firstly, compared with accessing the subclavian vein, accessing the internal jugular vein has many advantages: less incidences of catheter loop formation, dislocation, occlusion, and thrombosis [8, 9, 13] . In addition, the internal jugular vein has a straight course to the superior vena cava, allowing for less contact of the catheter with the vessel wall and, thus, a lower risk of venous thrombosis [2] . However, using the subclavian vein has some advantages, which include the cosmetic superiority due to an incision only being made on the chest wall, more comfort by minimization of subcutaneous tunneling, and less procedure time [5, 12, 18] . The rates of local infection and sepsis were similar regardless of the vein accessed [14] .
In addition, several important precautions need to be considered when performing the procedure. The guide wire must be inserted below the right atrium because, in a few cases, irritation of the right atrium or the right ventricle has been reported as a possible risk for arrhythmia [5] . When selecting the internal jugular vein, the surgeon must confirm, by using ultrasound and/or a relatively smooth in-and-out of the guide wire, that the jugular vein, not the carotid artery, has been punctured [5, 11] . Considering the purpose of a TICVAD for long-term usable intravenous access, we need to take many precautions to prevent long-term complications, such as inflammation, thrombosis, occlusion, and skin necrosis. Several strategies for the prevention of these complications, such as periodic heparin flushing of the TICVAD, use of specific noncoring needles, and aseptic management of the TICVAD, are available [9, 19, 20] . Basically, in managing the port site, the clinician has to check for inflammation, infection, skin necrosis, and thrombosis. More importantly, if the clinician suspects a complication, he/she should not hesitate to remove the port and use proper management, including the administration of intravenous antibiotics. The complication rate in our study was similar to those in other studies. However, early fatal complications, such as venous thrombosis, air embolism, hemothorax, and pneumothorax, did not occur in our study.
In conclusion, insertion of a totally implantable central venous device under local anesthesia by a surgeon is comparatively safe and can be performed without fatal complications. For long-term usage without late complications, proper management and careful follow-up by a clinician are necessary.
